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ENDOSCOPE TRACKING SYSTEM AND
METHOD

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims the benefit of and incorporates by
reference 1n 1ts enfirety U.S. Provisional Application No.

61/217,672, filed Jun. 3, 2009 and entitled “ENDOSCOPE
TRACKING SYSTEM AND METHOD”.

FIELD

The present disclosure relates to endoscopes. More par-
ticularly, the present disclosure relates to an endoscope track-
ing system and method for tracking an endoscope as it 1s
extended through a body cavity of a patient.

BACKGROUND

Endoscopes are commonly used to examine an interior
body cavity such as the large intestine of a patient. A conven-
tional endoscope typically includes an elongated, flexible
shaft which terminates 1n a viewing window through which
the interior body cavity of the patient 1s viewed. The shatt of
the endoscope may be progressively mserted into the body
cavity for examination purposes. Types ol endoscopes
include gastric endoscopes which are used to view the stom-
ach and small intestine and pulmonary endoscopes which are
used to view the bronchial passages of the lungs.

One of the limitations commonly encountered using con-
ventional endoscopes 1s the lack of a suitable system for
tracking the location of the endoscope 1n the body cavity of
the patient during the examination procedure. Therefore, an
endoscope tracking system for tracking an endoscope within
a body cavity of a patient 1s needed.

SUMMARY

The present disclosure 1s generally directed to an endo-
scope tracking system for tracking an endoscope as it 1s
extended through a body cavity of a patient. An illustrative
embodiment of the endoscope tracking system includes an
endoscope, at least one endoscope tracking transmitter car-
ried by the endoscope, a plurality of anatomy mapping trans-
mitters, a recerver communicating with the at least one endo-
scope tracking transmitter and the anatomy mapping
transmitters and a processor communicating with the
receiver. The processor 1s adapted to generate an anatomical
map based on mput from the anatomy mapping transmitters
and an endoscope tracking 1mage based on input from the at
least one endoscope tracking transmitter and superimpose the
endoscope tracking 1image on the anatomical map.

The present disclosure 1s generally directed to an endo-
scope tracking method. An 1llustrative embodiment of the
endoscope tracking method includes providing an endo-
scope, providing at least one endoscope tracking transmaitter
on the endoscope, providing a plurality of anatomy mapping
transmitters, placing the anatomy mapping transmitters in
spatial relationship with respect to each other on a patient,
generating an anatomical map of the patient using input from
the anatomy mapping transmitters, generating an endoscope
tracking 1image using input from the at least one endoscope
tracking transmitter, inserting the endoscope into the patient
and superimposing the endoscope tracking image on the ana-
tomical map.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will now be made, by way of example, with
reference to the accompanying drawings, 1n which:

FIG. 1 1s a perspective view of a patient, with multiple
anatomy mapping transmitters placed 1n spatial relationship
with respect to each other on the patient in implementation of
an 1llustrative embodiment of the endoscope tracking system;

FIG. 2 1s a front view of a patient, with multiple anatomy
mapping transmitters placed in spatial relationship with
respect to each other on the patient 1n 1implementation of an
illustrative embodiment of the endoscope tracking system:;

FIG. 3 1s a top view of an endoscope with multiple endo-
scope tracking transmitters provided on an endoscope shaft of
the endoscope 1n 1implementation of an 1llustrative embodi-
ment of the endoscope tracking system:;

FIG. 4 1s a block diagram of an illustrative embodiment of
the endoscope tracking system;

FIG. 5 1s a front view of a patient, with an endoscope shaft
(indicated 1n phantom) of the endoscope inserted into the
large 1ntestine (also indicated 1n phantom) of the patient 1n
implementation of an illustrative embodiment of the endo-
scope tracking system;

FIGS. 6-8 are front views of a monitor of an illustrative
embodiment of the endoscope tracking system, with an ana-
tomical map of the patient displayed on the monitor and an
endoscope tracking image of the endoscope superimposed on
the anatomical map to indicate the position of the endoscope
shaft of the endoscope within the abdomen of the patient and
more particularly illustrating progressive insertion of the
endoscope shaft into the abdomen of the patient; and

FIG. 9 15 a flow diagram of an 1llustrative embodiment of
the endoscope tracking method.

DETAILED DESCRIPTION

The following detailed description 1s merely exemplary 1n
nature and 1s not intended to limit the described embodiments
or the application and uses of the described embodiments. As
used herein, the word “exemplary” or “illustrative” means
“serving as an example, instance, or illustration.” Any imple-
mentation described herein as “exemplary” or “illustrative™ 1s
not necessarily to be construed as preferred or advantageous
over other implementations. All of the implementations
described below are exemplary implementations provided to
enable persons skilled 1n the art to implement the disclosure
and are not intended to limait the scope of the claims. Further-
more, there 1s no mntention to be bound by any expressed or
implied theory presented 1n the preceding techmical field,
background, briel summary or the following detailed descrip-
tion.

Referring initially to FIGS. 1-8 of the drawings, an 1llus-
trative embodiment of the endoscope tracking system, here-
iafter system, 1s generally indicated by reference numeral 1
in FIG. 4. As will be hereinafter described, the system 1 1s
adapted to generate and display an anatomical map 28 (FIGS.
6-8) of anatomical region or area of a patient 20 (FIGS. 1 and
2) such as on a monitor screen 19 (FIGS. 6-8) of a monitor 18.
The anatomical map 28 may be that of the abdomen or any
other anatomical region or area of the patient 20 which 1s to
undergo medical examination 1 implementation of the sys-
tem 1. The system 1 1s further adapted to generate and display
an endoscope tracking image 29 (FIGS. 6-8) and superimpose
the endoscope tracking 1image 29 on the anatomical map 28
which 1s displayed on the monitor screen 19. Accordingly, as
will be hereinatiter described, the system 1 facilitates tracking,
of the endoscope 2 within the anatomical area or region in the
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patient 20 which 1s being examined as the endoscope 2 1s
inserted through an interior body cavity such as the large
intestine 25 (FIG. 5), for example and without limitation, of
the patient 20 during a medical examination procedure car-
ried out in the interior body cavity of the patient 20.

As 1llustrated 1 FIG. 3, the endoscope 2 of the system 1
may have a conventional design and include an endoscope
handle 3 from which extends an elongated, tlexible endo-
scope shaft 4 having an endoscope working end 5. The endo-
scope working end 3 of the endoscope shait 4 may include a
lens (not 1llustrated) through which an operator (not 1llus-
trated) of the endoscope 2 views an examination field (not
illustrated) inside the patient 20 as the endoscope shait 4 1s
inserted through an interior body cavity such as the large
intestine 25 (FIG. §), for example and without limitation, of
the patient 20. The endoscope working end 5 may also include
a lens cleaning nozzle (not 1illustrated) through which lens
cleaning fluid (not 1llustrated) can be e¢jected against the lens
to rinse and clean the lens. The endoscope working end 5 may
also 1include an instrument opening (not illustrated) through
which a surgical instrument (not 1llustrated) may be extended
to implement surgical procedures in the patient 20.

As 1llustrated 1n FIG. 3, at least one endoscope tracking
transmitter 8 may be provided on the endoscope shatt 4 of the
endoscope 2. Multiple endoscope tracking transmitters 8 may
be provided at a selected spacing with respect to each other on
the endoscope shait 4 of the endoscope 2. In some embodi-
ments, the endoscope tracking transmitters 8 may be provided
at a spacing of 5 cm with respect to each other along the
endoscope shait 4 generally from the endoscope handle 3 to
the endoscope working end 5 of the endoscope shait 4. How-
ever, any number of endoscope tracking transmitters 8 may be
provided 1n any desired spacing on the endoscope shait 4
depending on the desired resolution of the endoscope track-
ing 1mage 29. In some embodiments, the endoscope tracking
transmitters 8 may be provided on the exterior surface of the
endoscope shait 4. In other embodiments, the endoscope
tracking transmitters 8 may be embedded or encased in the
endoscope shaft 4 according to the knowledge of those skilled
in the art.

As 1llustrated i FIG. 4, the endoscope tracking transmit-
ters 8 on the endoscope shait 4 of the endoscope 2 may be
adapted to emit wireless transmissions 6 each of which may
be an RF (radio frequency) transmission, for example and
without limitation. Multiple anatomy mapping transmitters
12 are adapted for spatial or three-dimensional placement on
the selected anatomical area or region of the patient 20, as will
be hereinafter described. The anatomy mapping transmitters
12 are adapted to emit wireless transmissions 13 each of
which may be an RF (radio frequency) transmission, for
example and without limitation. At least one recerver 14
(heremaftter recerver 14) 1s adapted to receive the wireless
transmissions 6 emitted by the respective endoscope tracking,
transmitters 8 on the endoscope 2 and the wireless transmis-
sions 13 emitted by the respective anatomy mapping trans-
mitters 12 placed on the patient 20. A processor 16 may
interface with the receiver 14 via a processor communication
link 15. A monitor 18, having a monitor screen 19 (FIGS.
6-8), may interface with the processor 16 via a monitor com-
munication link 17.

The recerver 14 may be adapted to discriminate among the
relative spatial positions of the anatomy mapping transmitters
12 with respect to each other based on the directions from
which the wireless transmissions 13 are received, the signal
strengths of the wireless transmissions 13 and/or other
parameters of the wireless transmissions 13 emitted by the
respective anatomy mapping transmitters 12. In some
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embodiments, the wireless transmissions 13 emitted by the
respective anatomy mapping transmitters 12 may have ditier-
ent frequencies to further distinguish the spatial positions of
the respective anatomy mapping transmitters 12 relative to
cach other on the patient 20. The receiver 14 may be adapted
to transmit anatomy mapping signals 32 which correspond to
the relative spatial positions of the anatomy mapping trans-
mitters 12, as indicated by the wireless transmissions 13, to
the processor 16. Based on the relative spatial positions of the
anatomy mapping transmitters 12 with respect to each other,
the processor 16 may be programmed to generate a three-
dimensional anatomical map 28 (FIGS. 6-8) of the anatomi-
cal area or region of the patient 20 on which the anatomy
mapping transmitters 12 are placed. The processor 16 may be
turther programmed to display the anatomical map 28 on the
monitor screen 19 of the monitor 18, as illustrated 1n FIGS.
6-8.

The recerver 14 may be adapted to discriminate among the
relative spatial positions of the endoscope transmitters 8 with
respect to each other and with respect to the anatomy mapping
transmitters 12 based on the directions from which the wire-
less transmissions 6 are recerved, the signal strengths of the
wireless transmissions 6 and/or other parameters of the wire-
less transmissions 6 emitted by the respective endoscope
tracking transmitters 8. In some embodiments, the wireless
transmissions 6 emitted by the respective endoscope tracking
transmitters 8 may have different frequencies. The receiver 14
may be adapted to transmit endoscope tracking signals 33
which correspond to the relative spatial positions of the wire-
less transmissions 6 emitted by the respective endoscope
tracking transmitters 8, to the processor 16. Based on the
relative spatial positions of the endoscope tracking transmuit-
ters 8 with respect to each other, the processor 16 may be
adapted to generate a three-dimensional endoscope tracking
image 29 (FIGS. 6-8) of the endoscope shait 4 of the endo-
scope 2.

In implementation of the system 1, which will be herein-
after further described, the endoscope shaft 4 of the endo-
scope 2 may be inserted 1into an interior body cavity which 1s
contained within the anatomical region or area of the patient
20 on which the anatomy mapping transmitters 12 are placed.
Based on the spatial positions of the endoscope tracking
transmitters 8 on the endoscope shait 4 relative to the spatial
positions of the anatomy mapping transmitters 12 on the
patient 20, the processor 16 may be adapted to superimpose
the three-dimensional endoscope tracking 1mage 29 of the
endoscope shait 4 on the three-dimensional anatomical map
28 displayed on the monitor screen 19 of the monitor 18, as
further 1llustrated 1in FIGS. 6-8. Therefore, the three-dimen-
s1onal position of the endoscope shatt 4 within the anatomical
region or area of the patient 20 within which the endoscope
shaft 4 is inserted may be tracked by viewing of the endoscope
tracking 1image 29 on the anatomical map 28.

An exemplary application of the system 1 1s illustrated 1n
FIGS. 1, 2 and 5-8 of the drawings. Accordingly, 1n some
applications the system 1 may be operated to track the
progress ol the endoscope shait 4 of the endoscope 2 as the
endoscope shait 4 1s inserted through the large intestine 25
(FIG. 5) of a patient 20 throughout an endoscopic examina-
tion of the large intestine 25. Therefore, the anatomical map
28 (FIGS. 6-8) which 1s generated by the processor 16 via
input from the anatomy mapping transmitters 12 and dis-
played on the monitor 18 generally corresponds to an 1image
of the abdomen 22 of the patient 20. As 1llustrated in FIGS. 1
and 2, at least four anatomy mapping transmitters 12 may be
placed on the chest 21, the back 23 and the groin 24 of the
patient 20 to generate the anatomical map 28 of the abdomen
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22 of the patient 20. In some applications, a pair of spaced-
apart anatomy mapping transmitters 12 may be placed on the
chest 21 at the respective shoulders 26 of the patient 20. The
anatomy mapping transmitters 12 may be attached to the skin
of the patient 20 using suitable adhesives (not illustrated).
Based on the wireless transmissions 13 (FIG. 4) which are
emitted by the anatomy mapping transmitters 12 and recerved
by the receiver 14, the processor 16 of the system 1 generates
the anatomical map 28 which corresponds to the abdomen 22
of the patient 20, as was heretofore described with respect to
FIG. 4, and may display the anatomical map 28 on the moni-
tor screen 19 of the monitor 18, as illustrated in FIGS. 6-8.

Next, the endoscope shait 4 1s inserted through the anus
(not 1illustrated) into the large intestine 25 (FIG. 4) of the
patient 20, as illustrated in FIG. 5. Based on the wireless
transmissions 6 which are emitted by the endoscope tracking
transmuitters 8 on the endoscope shatt 4 of the endoscope 2 and
received by the recerver 14, the processor 16 of the system 1
generates the endoscope tracking image 29 which corre-
sponds to the endoscope shait 4 of the endoscope 2, as was
heretolore described with respect to FIG. 4. The processor 16
superimposes the endoscope tracking image 29 on the ana-
tomical map 28 which 1s displayed on monitor screen 19 of
the monitor 18, as illustrated in FIGS. 6-8. As further 1llus-
trated 1n FIGS. 6-8, the length, position and trajectory of the
endoscope tracking 1mage 29 on the anatomical map 28 may
correspond 1n real time to the length, position and trajectory
of the endoscope shaflt 4 as 1t 1s extended into the large
intestine 23 of the patient 20 during the endoscopic examina-
tion of the large intestine 25. Therefore, 1n FIG. 6, the endo-
scope tracking 1image 29 indicates the presence of the endo-
scope shait 4 in the rectum 36 (FIG. 5) of the large intestine
25. In FIG. 7, the endoscope tracking image 29 indicates that
the endoscope shait 4 has been extended through the descend-
ing colon 37 (FIG. 5) and most of the transverse colon 38 of
the large imtestine 25. In FIG. 8, the endoscope tracking image
29 indicates that the endoscope shait 4 has been extended
through the transverse colon 38 (FIG. 5) and most of the
ascending colon 39 of the large intestine 25. Therefore, based
on the progress of the endoscope shatt 4 of the endoscope 2
through the large intestine 25 of the patient 20 as indicated by
the length, position and trajectory of the endoscope tracking
image 29 on the anatomical map 28, the operator (not 1llus-
trated) of the endoscope 2 can readily determine which por-
tion of the large intestine 25 1s being examined at any point in
time. Upon completion of the endoscopic examination, the
endoscope shaft 4 may be removed from the large intestine 235
and the anatomy mapping transmitters 12 removed from the
patient 20.

In some applications of the system 1, 1t may be desirable to
determine the length of insertion of the endoscope shait 4 as
it 1s extended into the large intestine 25 of the patient 20.
Accordingly, an endoscope insertion sensor 42 (FIG. 5) may
be placed at the anus (not 1llustrated) at the entry of the large
intestine 25 of the patient 20. A terminal endoscope tracking
transmitter 9 (FIG. 3) may be provided at the endoscope
working end 5 (FIG. 3) of the endoscope shait 4. As 1llustrated
in FIG. 4, 1n some embodiments the terminal endoscope
transmitter 9 and the endoscope sertion sensor 42 may be
adapted to communicate with the processor 16 through the
receiver 14 via a transmitter communication link 10 and a
sensor communication link 43, respectively. The processor 16
(FIG. 4) may be programmed to calculate the changing dis-
tance between the terminal endoscope tracking transmitter 9
and the endoscope 1nsertion sensor 42 as the endoscope shatt
4 1s progressively inserted into the large intestine 235. The
processor 16 may be further programmed to display the cal-

5

10

15

20

25

30

35

40

45

50

55

60

65

6

culated distance between the terminal endoscope transmitter
9 and the endoscope insertion sensor 42 on the monitor screen
19 of the monitor 18. In some applications, the endoscope
working end 5 of the endoscope shait 4 may be calibrated as
it enters the anus (not 1llustrated) of the patient 20 and the
length of 1nsertion of the endoscope shait 4 1nto the large
intestine 25 measured as the endoscope shait 4 1s progres-
stvely inserted 1nto the large intestine 25.

Referring next to FIG. 9 of the drawings, a flow diagram
900 of an illustrative embodiment of the endoscope tracking
method 1s illustrated. In block 902, an endoscope having a
tflexible endoscope shatt 1s provided. In block 904, endoscope
tracking transmitters are provided. In block 906, the endo-
scope tracking transmitters are provided on the endoscope
shaft at a selected spacing with respect to each other. In block
908, anatomy mapping transmitters are provided. In block
910, the anatomy mapping transmaitters are placed on a patient
in spatial relationship with respect to each other. In block 912,
a three-dimensional anatomical map of an anatomical region
or arca of the patient 1s generated using mput from the
anatomy mapping transmitters. In block 914, an endoscope
tracking 1image 1s generated using iput from the endoscope
tracking transmuitters. In block 916, the endoscope shaft of the
endoscope 1s mnserted into the patient. In block 918, the endo-
scope tracking image 1s superimposed on the anatomical map.
In block 920, the endoscope shait of the endoscope may be
guided through the patient based on the endoscope tracking
image superimposed on the anatomical map.

It 1s to be understood that any suitable technology which 1s
known by those skilled in the art can be used to formulate the
anatomical map 28 (FIGS. 6-8) and track the position and
trajectory of the endoscope shait 4 of the endoscope 2 1n the
anatomical region of the patient 20. For example and without
limitation, i some embodiments, GPS technology may be
used to track the position of the endoscope shait 4 as it 1s
inserted through the interior body cavity of the patient 20.

While wvarious illustrative embodiments have been
described above, 1t will be recognized and understood that
various modifications can be made and the appended claims
are intended to cover all such modifications which may fall
within the spirit and scope of the disclosure.

What 1s claimed 1s:

1. An endoscope tracking system, comprising:

an endoscope;

at least one endoscope tracking transmitter carried by said
endoscope;

a plurality of anatomy mapping transmitters;

a receiver communicating with said at least one endoscope
tracking transmitter and said anatomy mapping trans-
mitters;

a processor communicating with said receiver; and

wherein said processor 1s adapted to generate an anatomi-
cal map based on mput from said anatomy mapping
transmitters and an endoscope tracking 1image based on
input from said at least one endoscope tracking trans-
mitter and superimpose said endoscope tracking image
on said anatomical map.

2. The system of claim 1 wherein said endoscope com-
prises an endoscope handle and an elongated, flexible endo-
scope shalt extending from said endoscope handle and
wherein said at least one endoscope tracking transmitter 1s
provided on said endoscope shaft.

3. The system of claim 1 further comprising a monitor
having a monitor screen and wherein said processor 1s
adapted to display said anatomical map and said endoscope
tracking 1image on said monitor screen of said monitor.
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4. The system of claim 1 turther comprising an endoscope
isertion sensor communicating with said processor and a
terminal endoscope tracking transmitter provided on said
endoscope and communicating with said processor.

5. The system of claim 1 wherein said at least one endo-
scope tracking transmitter comprises a plurality of endoscope
tracking transmitters carried by said endoscope 1n spaced-
apart relationship with respect to each other.

6. An endoscope tracking method, comprising;:

providing an endoscope;

providing at least one endoscope tracking transmitter on

said endoscope;

providing a plurality of anatomy mapping transmitters;

placing said anatomy mapping transmitters 1n spatial rela-

tionship with respect to each other on a patient;
generating an anatomical map of said patient using input
from said anatomy mapping transmitters;

generating an endoscope tracking image using input from

said at least one endoscope tracking transmitter;
inserting said endoscope into said patient; and
superimposing said endoscope tracking image on said ana-
tomical map.

7. The method of claim 6 wherein said providing an endo-

scope comprises providing an endoscope having an endo-
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scope handle and an elongated, flexible endoscope shait
extending from said endoscope handle, and wherein said
providing at least one endoscope tracking transmitter on said
endoscope comprises providing a plurality of spaced-apart
endoscope tracking transmitters on said endoscope shaft.

8. The method of claim 6 wherein said generating an ana-
tomical map of said patient comprises generating an anatomi-
cal map of an abdominal region of said patient and wherein
said iserting said endoscope into said patient comprises
iserting said endoscope 1nto a large intestine of said patient.

9. The method of claim 6 further comprising providing
calculating a length of 1nsertion of said endoscope 1nto said
patient.

10. The method of claim 9 wherein said calculating a length
of insertion of said endoscope nto said patient comprises
providing a terminal endoscope tracking transmitter on said
endoscope, providing an endoscope 1nsertion sensor on said
patient and calculating a distance between said terminal
endoscope tracking transmitter and said endoscope 1nsertion

20 Sensor.
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